Science Mission
Directorate

Earth Science Research by NASA m@h '
Context | & k

rad

La Jolla, CA ; _
January 26, 2005 Jack A. Kaye, Ph.D.

Director Research & Analysis Program
Earth-Sun System Division




e O

utline of Talk
w_‘ : . e r*"f,;

 Introduction/History

e Hierarchy of Questions and Science Focus Areas

e Earth Science Roadmaps

o External Environment (Earth Obs. In Ron Birk talk)
e CCSP (GCRP/CCRI)
e Oceans

* Near-term Science Milestones and Plans

e Summary




rom the beginning, Earth Observation

‘has helpedranswer $®ience ques

NIMBUS 7 (1978-94)
provided data on sea
ice extent, ocean color,
sea surface
temperature, radiation
budget, and total
column ozone

TIROS VII Image of
Hurricane Ginny, 1963

Landsat 4 (1984)
Thematic Mapper image

of San Francisco Bay Seasat (1978)

was the first
radar satelite




" “Lhe Rise of Earth System Science
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“The Goal of Earth System Science --
To obtain a scientific understanding of
the entire Earth system on a global
scale by describing how its component Earth System Science
parts and their interactions evolved, how S el

they function, and how they may be
expected to evolve on all time scales”

A PROGRAM FOR GLOBAL CHANGE

“The Challenge of Earth System
Science -- To develop the capability to
predict those changes that will occur in
the next decade to century, both
naturally and in response to human
activities” 1986--88
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From E_SS to EOS

The Earth System Science concept resulted in the formulation
of the Earth Observing System

Mission to
Planet Earth h

e NASA
The Earth Observing System was In the early/mid 90s, a series of
inaugurated as a Presidential design reviews led to the current

s5Initiative in 1991 multi-satellite configuration
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Earth Observation
Satellites in
Perspective of Earth-
Sun System Division
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Combining Observations to Understand

Ice Processes
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surface elevation
log4 scale (meters)

2.3 (200 m)

2.2 (158 m)

2.1 (126 m)

2 (100 m)

1.9 (79 m)

{1.8 (63 m)

1.7 (50 m)

1.6 (40 m)

1.5 (31 m)
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In 2003, mass variations are observed in Amazon basin with ~400 km resolution

A clear separation is observed between the large Amazon watershed and the
smaller watersheds to the north (e.g., the Orinoco watershed), indicating basin-
scale resolution of the variability.
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¢ JASON Observations of Tsunami
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e Have A Three D

NASA Total Solar Irradiance Observations

Tetal Solar Irradionce Daotobase

ecade Data Record
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.
. “Trends in Global Ocean Chlorophyvll
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Hurricane lvan

vaCM Tragk and Inte,n,sﬂy Forecast.

NASA fvGCM Hurricane Ivan Forecast Track [Black] and NHC Observed [Blue] and NHC Forecast [ Dashed]
Maximum Sustained Surface Wind Speed [knots]

Initialized 2004 SEP 11 127 o
95 1) -85 B0

* NASA fvGCM 5> | IRy N
day forecast N ¢
shows vast ; ' ‘ 1
improvement in )
accuracy of track,
landfall, and
intensity over R
operational
prediction in this
case

30
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e Uses data from
operational
satellites, SSM-I,
TRMM and =
QuickSCAT
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Earth Science Research Fundamental

. Science Questlons
."‘. "_.-

How is the Earth changing and what are the
consequences of life on Earth?

How is the global Earth system changing?

What are the primary forcings of the Earth
system?

How does the Earth system respond to natural
and human-induced changes?

What are the consequences of changes in the
Earth system for human civilization?

How well can we predict future changes in the
Earth system?

S .




Variability

Precipitation,
evaporation &
cycling of water
changing?

Global ocean
circulation
varying?

Global
ecosystems
changing?

Atmospheric
composition
changing?

Ice cover mass
changing?

A Earth surface
q‘. transformation?

'ES

J-I-FF'FF _—""
Forcing

Atmospheric
constituents &
solar radiation on
climate?

Changes in
land cover
& land use?

Motions of the
Earth & Earth’s
interior?

>

-

Atmospheric trace

Response

Clouds & surface
hydrological
processes on

climate?

Ecosystems,
land cover &
biogeochemical
cycles?

Changes in
global ocean
circulation?

constituents
responses?

Sea level
affected by Earth
system change?

Consequence

Weather
variation related to
climate variation?

Consequences
of land cover
& land use
change?

Coastal region
impacts?

Regional air
quality impacts?

E Next Tier Science Questions

Prediction

Weather
forecasting
improvement?

Improve prediction
of climate
variability &
change?

Ozone, climate &
air quality impacts
of atmospheric
composition?

Carbon cycle &
ecosystem
change?

Change in water
cycle dynamics?

Predict & mitigate
natural hazards
from Earth surface
change?




¢
Organizing Earth.System Science Research

Earth system is sufficiently complex that implementing program
requires it be “taken apart” to be “put back together”

 No unique way to do this

Earth system is sufficiently interlinked that no way of taking it apart
doesn’t separate tightly linked processes

e Some ways clearly don’t make sense (e.g., geographically)

e« Some ways may seem convenient at first, but cause
difficulties (e.g., by earth system component)

However one does this, care is needed to assure interdisciplinary
science Is addressed

17




Organizing Earth System Science
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Organizing structure can take advantage of unique elements of Earth
system

* Presence of carbon-based life

* Presence of water in multiple interacting phases

e Atmosphere and ocean that redistribute heat making most of planet
habitable

e Oxidizing and protecting atmosphere

e Dynamic environment with lots of short-term fluctuations in
environmental conditions

* Dynamic surface made up of water and land

* In presence of variable star coupled to Earth’s magnetic field

18
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Sun- Earth
Connection

Climate Variability
and Change

Earth Surface
and Interior

Carbon Cycle
and Ecosystems

Atmospheric
Composition




Variability Forcing Response

Clouds & surface
hydrological
processes on

Atmospheric
constituents &
solar radiation on

Precipitation,
evaporation &
cycling of water

changing? ] climate? ] I climate?
Global ocean Changes in Ecosystems,
circulation land cover land cover_&
varying? & land use? biogeochemical
I cycles?
Global Motions of the Changes in
ecosystems Earth & Earth’s global ocean
changing? interior? circulation?

Atmospheric trace
constituents
responses?

Atmospheric
composition
changing?

[ ]

Sea level

|
ce cover mass affected by Earth

changing?

T

Earth surface
transformation?

e

L "‘-‘.

.

Water and Energy Cycle

system change?
- =

Consequence

Weather
variation related to
climate variation?

Consequences
of land cover
& land use

[ change?

Coastal region
impacts?

N e ]

Regional air
quality impacts?

— 1 [

Carbon Cycle and Ecosystems Weather
Earth Surface and Interior

Prediction

Weather
forecasting
improvement?

Improve prediction
of climate
variability &

[ change? il

Ozone, climate &
air quality impacts
of atmospheric
] composition?|:|

Carbon cycle &
ecosystem
change?

Change in water
cycle dynamics?

1] [ ]

Predict & mitigate
natural hazards
from Earth surface

] change?
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, ¥ .Boadma_p Organiz

ing Principles

k' ' I s e ’ﬂ"':,

Start showing sense of where we are and give vision of where
we intend to be

Indicate “base” of activities that supports other activities, esp.
systematic measurements and partner-supplied information

Provide sense of improved knowledge based on continuing
research based on current information and capability

Show inputs and corresponding outcomes based on current
investments for present and near-term inputs

Indicate longer lead term items that require technology
development

Provide some sense of what's likely to be doable within present
program and what is not

Roadmaps should have “levels” of detail to allow interested user
to “dig in” without distracting those needing broad view




WHERE WE PLAN TO BE:

Characterization and reduction of uncertainty in

" . age long-term climate prediction; Enable routine prob-
+ Climate Varia bll'tl_.l ahilistic forecasts of pracipitation, surface temper-
a nd ChangE Roadmap ature, and soil moisture; Sea-level rise prediction

v

IPCC IPCC

Long:-term consistent climate

e | data record (NPP,NPOESS) Earth System models capable
i [T) tectmoboy | ef accurate global and regional
: @ Futnaship | m Advances in computational resources, high-end climate prediction
: ¥ maodels and data distribution are required at all stages

! Mo fiold Campalgn |
- Unfuneled ; m Decadal measurements Valldated lce and ocean models
; of ice mass changes for sea level change estimates

Furdid

ey Global atmospheric CO; (OCO) mpioved evaloation of chimate

m Global atmospheric acrosols (Terra, Aqua, APS, ...) sensitivity toforcings

Global Soil Moisture Accurate energy and water
[HYDROS) representation in climate models to

() Global Cloud Characteristics (Cloudsat & CALIpsp)  “"han<e predictive capability
Global sea surface Improved acean circulation madels
salinity [Aquarlus) with ice and atmospheric coupling to

improve climate model representation

Water mass movement Improved resslution of

{GRACE, Jason) ocean topography (OSTM) of ocean heat transport
E;;gﬁx:?t?;;;}"m S, Improved estimates of ice sheet contribution to sea-level rise
Radiative forcing (ACRIMSAT, Improved assessment of radiative forcing, its
SORCE, Terra, Aqua | warkability and representation |n models

Data assimilation of atmosphere,

ocean, land used in process studies Maodels with improved precipitation, air-s=a and air-land exchanges capable of
(Terra and Agua in conjunction with seasonal and subseasonal predictability of surface climate on reglonal scales
GODAE & CLIVAR]

i b
IMPROVEMENTS w—

Madel coupling; Process characterization; Forcing/Feedback assessment; Climate 3
sensitivity to forcings; Predictability assessment; Technology development

< \pimicis.
SYSTEMATIC OBSERVATIONS. e phy, ocean vectot

fa
3 sea surface topod
- 3 aspheric molsure, x
St glc Maces drarmenes of et o bttt OSEI,aHd solar irradiance

clouds, aerasals, radiation budget, surface temperatures, ice ¢

. —_!_

WHERE WE ARE NOW:

Experimental 12-month forecasts of surface
temperature, precipitation; Fair knowledge of global
climate variables and their trends; Climate models
that simulate long-term global temperature change
with large uncertainty in forcings and sensitivity.

version 2.0



WHERE WE PLAN TO BE:

Improved prognostic ability for the recovery of
stratospheric azone and the impacts surface LY,

.#, H H T evalution of greenhouse gases, climate impacts,
Atmospher": compc's'tlon tropospheric ozone and aerosols, and the impacts
Roadmap on climate and air quality

v

IPCC Ozone IPCC
MNPOESS czone
i Palarimetric Aerosol
[T) rechmstony ¢ Measurements: APS @m‘g&;ﬂﬂmi
Parirnershin
ok Errapadio Global High Temporal and Spatial Operational predictions linking
: M Pkl Campsian ; [i] Resolition Complosition Mission ozane and aerosals with climate
Unifunded and air quality
T Berosol { Black
Carbon Mapping Evaluation of feedbacks
between asrosols, 05, Hy0, and
Systematlc stratospheric climate
m compositien
Assessment of observed stratos-
OMPS on NPP:Continued pheric ozone recovery in response
trend serles of azone- and changing climate; continuting
B climate-related parameters assessment of tropospheric ozone
2 trends and mechanisms
§' Field ::ulm:aigns:strau trop coupling, contin- Evaluation of chemistry/climate interactions using
g & ental ou low, global transport, chemical multi-decadal simulations of the strat & trop. Quantification
= evolution, & satellite validation of mechanisms in the evolution of trap ozane.

Simulation of observed changes in trop. and strat. ozone,

Global observations of stratospheric & tropospheric Wality o0 seneeok o motes il et Rt e

canstituents & parameters: Aura changes on climate & atmospheric chemistry
High lat. observations of O, e 2 :

} potential for future
asrosol & HyO Inthe UT/ALS 15AGE majorozone depletion in the Arctic

Il & Science/ Validation Campaigns)

Pre— o

Steady Improvements in Assessment Models; Melding of stratospheric and tropospheric
chemistry; Coupling of chem|stry and radiation in GCMs; Assimilation of canstituents in
madelsimproved representations of aerasels and emissions; Increased spatial resolution

SYSTEMATIC OBSERVATIONS .

g7
d and climate-related trace gases

Systematic observations of Oy, aerosol, and Dj—rela't_e

2004 3 FLs 2010

WHERE WE ARE NOW:

Halogen chemistry shown responsible for
stratospheric O losses; Tropospheric Oy not well
understoad, but long-range transpart and global
change seem; Uncertainties in feedbacks between
strat. Oy recovery, trop. O trends, & climate; Poor
knowledge and modeling of the chemical evolution
of aerasols

version 2.0



WHERE WE PLAN TO BE:

Capability to observe, medel, and predict the Water
+‘ watEP Elnd 'E nEng and Energy cycles, including regional scales and
Cycle Roadmap ik

v

IPCC |PCE

Improved water cycle

= River discharge monitored globally;
EJ Tochng:nay m h Snow water equivalent observations T:’;ﬁzﬁzzﬂredp'

! @ [ snowmelt, and evap-

i ] Glabal precipitati oration for use In
Mg Flek Campaign mea:.n:meﬁu:(ﬁ?’?ﬂ} Decision Support
Unfunded : 1 Systems
Funide 5 Global Soil Moisture
i | (HYDROS) Quantify and elucidate
""""""""""""" - - mechanisms of the mean state,
Global estimates of ocean evaparation . variability, and extremes of
and land evaporation the water and energy cycles,
including quantification of
Global monitoring of water both fluxes and storages

and energy [GOES-R) i
e Vertical profiles of cloud structureand  Cloud parameterization and pracipitation/

c] properties (Cloudsat/Calypso) water-vapor assimilation enabling more

g e reliable short-term precipitation forecasts and
E .@ pidEioliatisn and Watérsapor accurate role of clouds in climate predictions
z &

= Detection of gravity perturbations due to

water distribution (GRACE) Assessments of natural varlabllity in atmospherie,

surface and subsurface moisture and energy
h"’ EQS5/in-situ observations of

land surface state variables

Observatians of tropical Improved latent heating profiles and convective
rainfall/energy release paramelerizations within weather and climate models

IMPROVEMENTS (s

Ongaing model, data assimilation and observational data improvements,
Enhancements in computing resources and data systems

SYSTEMATIC OBSERVATIONS i
ST, land and snow cover

= ';!l P

Systematic measuraments of precipitation, S

2002 2004 2006 2008 2010

WHERE WE ARE NOW:

Reservoirs and tropical rainfall well quantified
Difficulty balancing the water budget on any
scale Inability to observe and predict precip-
itation globally

version 2.0



'WHERE WE PLAN TO BE:

Global productivity and land cover change at fine

resolution; biomass and carbon fluxes quantified;
+ Carbon CHCIE and useful ecological forecasts and improved climate
ha jecti
Ecosystems Roadmap SRR
v
IPCC IPCC
NA Carbon MNA Carbon Global C Cycla Global € Cycle
Huma p-Emsystems-{]Imate Interactions (Madel-Data Fusion, Assimilation); Integrated global
Global Air-Sea Flux ‘analyses
| m High-Resalution Atmaspheric CO; Sub-regional sources/sinks
i Technalogy
m . : M Southern Ocean Carbon Program, Process controls;
: @ Farmenhl @ Air-Sea CO; Flux errars n sink reduced
| Mg Flold Campaign :
] Uniurded m Physiology and Functional Types i?s;fmﬂ?;?c:md
i - : Reduced flux uncertainties;
 RESETER Ao H Coastal Carbon coastal Carbon dynamics
Global Ocean Carbon/ Reduced flux uncertainties;
Particle Abundance global carbon dynamics
W Vegetation 3-D Structul Terrestrial carbon stocks and
9 ) re, erres
2 Biomass and Disturbance species habitat characterized
-
= Global CH4; Wetlands, 2 e
g Floodingand Permafrast CHy sources characterized and quantified

Global Atmaospheric CO,{0C0) Regional carbon sources/sinks quantified for planet

:h-rNonh American

@ Carbon Program North America's carbon budget quantified
N Land Use Change Effects of tropical deforestation guantified;
in Amnzgnia uncertainties in tropical carbon source reduced
IMPROVEMENTS _ omputing Cap2
Madé‘sand C
Case Studies Process Understanding ____—-"-_'
ci l- e ) L_Bnd Cover {OLI-B ___#--
Land cover (Landsat) } Hasn |RS/NPOESS]
g == Wl
Ocean/Land |
Ocean Color (SeaWiFs, MODIS) / Oceaniland (VIIRS/NPP)

Vegetation, Fire (AVHRR, MODIS)

WHERE WE ARE NOW:

2002: Global praductivity and land cover
resalution coarse; Large uncertainties [n biomass,
fluxes, disturbance, and coastal events

2010 2015

Warcian 30



WHERE WE PLAN TO BE:

Weather and severe storm forecasting (especially

+‘ Weather Road map hurrlcane landfall tracking accuracy) will be greatly
improved.
REPORTS
IPCC IPCC
Global tropoespheric winds E:Igt:orecas‘:“t
m Technology B

@ Farthnhip GEOQ : Lightning, microwave sounding Improved short-term forecasts

i _'hr' Field Campalan

{ Urifurded m.h’fﬂiﬂl Muaisture (HYDROS) Improved weather, flood forecasts

Fuiiiad
: ook Improved physical &
aest i" Global Precipitation (GPM) dynamical processes
Global monitoring of water, energy, clouds, and
air qualityt-nperat%nml pm{ntw:reg R Significant forecact improvements
High-resalution global Mk~  Better description of atmospheric dynamies, cloud distributions fer
measurements of temperature, radiation modeling, aeroscl concentrations for air quality projection,

o maoisture, cloud properties, and and better imagery of snow/ice cover and severe weather phenomena
g aerosols (EOS instruments) like hurricanes and floods,
=]
= . Realistic and accelerated use by NOAA of new NASA knowlédge,
z NASA/NOAA collaborative centers measurements, and data assimilation techniquss.
=
b=

!I Observations of tropical  Satellite-derived localized heating inputs leading to better physical
rainfallfenergy release  understanding and modeling of pracipitating systems.

IMPROVEMENTS \

Steady, evolutionary improvement in weather prediction accuracy due to ongoing mode| refinement
in operational agencies, finer-scale model resolution, improved use of probahilistic and statistical
forecasting aided by multiple-component ensemble initializations, and incorporation of radar and
alrcrafi-measurements

2014

WHERE WE ARE NOW:

Weather satellite sensor and technigue
development; used by NOAA

version 2.0




WHERE WE FLAN TO BE:

Understand plate boundary deformation & earth-quake hazards; How
'+ €arth Surface and tectonics & climate interact ions shape the Earth’ surface; Sea level
IntEI‘iOI‘ Rﬂad Map changes from the interactions of ice masses, oceans, & the solid Earth

v

IGRF & ITRF IGRF & ITRF
Advanced Gravity, Gravity and geomagnetic measurements for

GeoMagnetism Missions -~ core mations, and deep Earth sounding

Global near synoptic deformation monitaring high resalution

[i] InSAR Space Mission topography, lithospheric flexure, volcano monitoring

@ COsSMIC lonospheric gravity and GPS obs. for geomagnetic field models, and TRF
EarthScope: Airbome
repeat pass InSAR Enhanced observation of volcano during pre- and
LIDAR, Hyperspectral : : HieeS
VNIRATIR Imager enuptive stages lead to improved predictions.

E,i,“jﬂﬂﬂ,ﬂ:}w“ i Improved TRF stabllity, gravity fleld, and altimetry accuracy

EarthScope: ! £ mre
o PRO,USArray Regional defermation and deep Earth Structure, volcano monitoring
o SAFOD
i [T S D A T
g GRACE Gravity field and mass flux estimates [10-1000 improved)
» ! [ﬂ Technology i
@ 10 fald improvement in global topography @' e 4
SRTM .bf Fleld Campakan
] Wriurded i
NASA : 3
Geodetic  Global geodetic networks provide real time reference frame for ] Funched 5
Net- earth deformation and angular mementurm | ]
warks
IMPROVEMENTS

Wersion 2.0
Detection of precursory events using surface change, disaster prediction & management tools,
toals for climate change studies, understanding subsurface forces and dynama generation.

SYSTEMATIC OBSERVATIONS SRS

nd angular momentumn, gravity

Terrestrial reference frame Earth rotation a

2006

WHERE WE ARE NOW:

Space geodesy determines mm scale topography
changes; Detection of Periodic and aseismic
cm-scale strain events, and some seismic precur-
sors. Postseismic stress changes linked to certain
earthquakes; Volcanic inflation detected by InSAR
reflect movement of magma at depth without
selsmic or eruptive signals.

Versicn 2.0




Earth Science Roadmapping

: .,—,_._E-):(p_erien,_,%

« Roadmaps must be used in consideration of relationships between each
other and overall priorities

 Roadmaps have become important tool for describing our program

o They have become part of Integrated Budget and Performance
Document

* Roll-up of elements has been very useful - e.g., technology
« Roadmaps need to be regularly “maintained” in concert with community

« Roadmaps are not the end - must get to implementation plans based on
roadmaps

o This is also best done in concert with community
o Need to update periodically
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National Science

NSTC Structure

.
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and Technology Council

Science Environment & Natural

Committee Resources Committee

Subcommittee on Global

Change Research

Biodiversity and Ecosystem | Ecological Systems

Toxics & Risk Assessment

Informatics Working Group Subcommittee

Subcommittee

=
|
|
|
T
|
|
[N

Subcommittee on Oceans

Subcommittee on

(also reports to Committee on Science)

Interagency Working Group on

Water Availability &
Quality

Earth Observations (IWGEOQ)

Subcommittee on Health

and the Environment

(also reports to Committee on Science and Commission on
Homeland and National Security

Homeland & National Technology
Security Committee Committee

_ Interagency Working Group on
Endocrine Disruptors

__Interagency Working Group on

Mercury




The U.S5.
Climate Change Science ProgiSi DRAFT

STRATEGIC PLAN

Vision for the Program
and Highlights
of the Scientific Strategic Plan ™

Strategic Plan

for the U.S: Integrated Earth Observation System

prepared by the
Interagency Working Group on Earth Observations

" e Wonsine Gncvron
Climaie Change Schence Program and
= . ' RVAT
irtes on Global Change Rewearch 0 B erz ¢ Use Only lht A Inuz

af the Commities on Environmest ad Natural Resowrces

U.S. Commercial Remote Sensing
Space Policy:
Civil Agency Implementation Plan

National Need, Vlswn
& Reducing Disaster Vulnerability
Through Science and Technology

Interagency Plan for FY 2000-2006

Mational Science and Technology Coundl
et and Natural Resources

December 12,2003

Implementation Plan Working Group (IPWG)




¥.S. Global Change Research Act of 1990

—e : %bli,c kkaw 101-606(11/16/98) 104 Stat. 3096-3104 :
. 0 - e I. * .. ¢ .r;'_ ; ....'

An Act To require the establishment of a United States Global
Change Research Program aimed at understanding and
responding to global change, including the cumulative
effects of human activities and natural processes on the
environment, to promote discussions toward international
protocols in global change research, and for other purposes.

o Title I - U.S. Global Change Research Program
» Sec. 101. Findings and purpose
+ Sec. 102. Committee on Earth and Environmental Sciences
+ Sec. 103. U.S. Global Change Research Program
« Sec. 104. National Global Change Research Plan
» Sec. 105. Budget Coordination
+ Sec. 106. Scientific Assessment
+ Sec. 107. Annual Report
+ Sec. 108. Relation to other Authorities

o Title Il — International Cooperation in Global Change
Research

o Title lll — Growth Decision Aid




President’s June 11, 2001 (“Rose Garden”) Spee

ch

Key Quotes from Speech

« “Today, | make our investment in science even greater. My administration will
establish the U.S. Climate Change Research Initiative to study areas of
g_r]lfcertainty and identify priority areas where investments can make a

ifference.”

* “I'm directing my Secretary of Commerce, working with other agencies, to set
priorities for additional investments in climate change research, review such
Investments, and to improve coordination amongst federal agencies. We will
fully fund hiﬁh-priority areas for climate change science over the next five
years. We'll also provide resources to build climate observation systems in
developing countries and encourage other developed nations to match our
American commitment.”

e “And we Eropose a joint venture with the EU, Japan and others to develop
state-of-the-art climate modeling that will help us better understand the
causes and impacts of climate change.”

e So we're creating the National Climate Change Technology Initiative to
strengthen research at universities and national labs, to enhance partnerships
in applied research, to develop improved technology for measuring and
monitoring gross and net greenhouse gas emissions...."




-
o '_;L_U.‘S. CIiraate Change Programs

U.S. Global Change Research Program (USGCRP): 1990

President Bush announced Climate Change Research Initiative
(CCRI) and Climate Change Technology Initiative (CCTI) — June
11, 2001

President Bush announced new cabinet level management
responsibilities for the climate science and technology programs
— February 14, 2002

e Climate Change Science Program (~$2B)
e Climate Change Technology Program (~$2.5B)

SA L
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Climate Change Policy and Program Review
by NSC, DPC, NEC

Committee on Climate Change Science and Technology Integration

Chair: Secretary of Energy” Vice Chair: Secretary of Commerce”
Executive Director: OSTP Director

MNEC Director

MAS A Administrator
Secratary of tha Interior
Secratary of HHS

Secratary of Transportation
Secratary of Defense

CEQ Chairman

NSF Director

Secretary of State
Secretary of Agniculture
EPA Administrator
OME Director

Interagency Working Group on

Climate Change Science and Technology

International Activities
{including Task Force

on International Energy Cooperation)

Chair: Deputy/Under Secretary of Commerce®
Vice Chair: Deputy/lUnder Secretary of Energy”
Executive Secratary: OSTP Associate Director for Sciance

Members DS/US Lewel:
CEQ, DOD, DOl, DOS, DOT, EPA,
HHS, NASA, NEC, NSF, OMB, USDA

DOs, DOE, USAID,
and Other Agencies

Climate Change Science Program

Director: Assistant Secretary of Commerce
for Oceans and Atmosphara

Members:
COC, DOD, DOE, DOI, DOS, DOT, EPA, HHS,
MASA, N3F, OMB, OSTP, Smithsonian, USAID, USDA

Climate Change Technology Program

Director: Senior-Level Appointee,
U.S. Department of Energy

Membears:
DOC, DOD, DOE, DOI, DOS, DOT, EPA, HHS,
NASA, NSF, OMB, OSTP, USAID, USDA




€CSP Key

Priority Areas
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 Reduce Scientific Uncertainties of Aerosols;
 Reduce Scientific Uncertainties of Carbon Sources and Sinks;
 Reduce Scientific Uncertainties of the Water Cycle;

* Analyze Climate Feedbacks and Sensitivity to Natural and
Human-Induced Forcing;

 Improve Understanding of Ecosystem Responses to Climate
Change;

« Enhance Global Climate Observations;
e Enhance Climate Modeling Systems;
e Improve Decision Support Capabilities; and

* Improve Communications between Scientists and Information
Users




NASA’s Ro_le in CCSP
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 NASA brings the global perspective from satellite and suborbital measurements
to address climate and global change science questions.

« NASA has the end-to-end capability to develop technologies, models, deploy
observing systems, utilize and provide products for decision support systems.

o NASA develops models that can utilize its observations for addressing
science questions and providing forecasting and decision support.

o NASA enables scientists and engineers to provide the knowledge base to
further develop new and enhanced remote sensing approaches to decision
support

 NASA has the organizational capacity (systems engineering, program
management & partnering capability) to carry out large-scale, long-term, and
multi-party programs.

NASA’s work with NOAA made today’s global weather & climate
prediction possible. The research and technology development we are
8. doing now will enable improved predictive capability for the Nation in the
©LN fusire




NASA [ CCSP Alignment
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NASA Science Focus Areas CCSP Research Elements
Climate Variability & Change Climate Variability & Change
Atmospheric Composition Atmospheric Composition
Carbon Cycle & Ecosystems Global Carbon Cycle
Water & Energy Cycle Land Use / Land Cover Change
Weather Ecosystems
Earth Surface & Interior Global Water Cycle

Human Contributions & Responses

* Differences between NASA science focus areas and CCSP research elements
reflect broader NASA mandate (weather, earth surface)

* NASA integrates carbon cycle and ecosystems because of our large scale focus

* NASA does not separate land cover/land use change, instead applying it to
relevant focus areas (esp. carbon, water)

£y 39




NASA Role in Synthesis and Assessment
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NASA leads or co-leads NASA participates |
e 13 Reanalysis of historical . 1,.£1 Ten;]perature trends in lower
. atmosphere
climate data... (NOAA) + 1.2 Past climate variability at high
e 2.2 North American C budget latitudes
(NOAA/DOE) * 2.1 Updating scnarios of greenhouse
_ gas emissions
* 2.3 Aerosol properties and « 3.1 Climate models, sensitivity,
their impacts on climate uncertainty
(NOAA) « 3.3 Climate extremes
e 24 Trends in emissions of « 4.1 Coastal elevation and sensitivity to
: - sea-level rise
Oﬁ%ﬁdepletmg substances » 4.3 Relationship between ecosystem
( ) and climate change
e 5.1 Uses and limitations of « 4.4 Review of adaptation options for
observations... in decision ecosystems
support systems e 4.5 Scenario-based analysis of GHGs

» 4.6 Impacts of climate variability

* 4.7 Transportation sector / climate
change linkages

40




NASA_Chqn_t_ribu_tiqn‘_to CCSP.
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From 2004-2005 Our Changing Planet

Agency 2002 2003 2004~ 2005 Req*
USDA 57 62 65 71
DOC/NOAA 101 117 124 142
DOE 117 115 130 130
HHS 56 61 63 65
DOI/USGS 28 28 29 29
DOS 0 0 1 1
DOT 0 0 4 3
USAID 6 6 6 6
EPA 21 22 21 21
NASA Res 243 240 309 321

NSF 188 203 213 210

Sl 6 6 6 6

Tot Res 822 860 971 1005
NASA Obs 847 906 1025 950
Total 1670 1766 1996 1955

* NASA budgets in full-cost




- NASA / NOAA

Collaboration

Long history of scientific collaboration

Long history of NASA development and launch of NOAA
environmental satellites

Joint future requirements development through US Weather
Research Program

Collaboration on assimilation of new data types into numerical
weather prediction and climate models through the Joint Center
on Satellite Data Assimilation

Partnership in development of NPOESS Preparatory Project
mission (NASA and NPOESS IPO)

NPOESS requirements development through Tri-Agency
Steering Committee (with D0D§)

Partnership in climate change research through the US Climate
Change Science Program

Co-chairing Interagency Working Group on Earth Observations to
plan US participation in the international Global Earth
Observation System of Systems




lished by the U.S. ng,ress (Public Law 104-204) in Fiscal Year 199
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X ¢ : National Ocean Partnership Program

CHAPTER 665--NATIONAL OCEANOGRAPHIC PARTNERSHIP PROGRAM
Sec. 7901. National Oceanographic Partnership Program.
Sec. 7902. National Ocean Research Leadership Council.
Sec. 7903. Ocean Research Advisory Panel.

Sec. 7901. National Oceanographic Partnership Program

(a) ESTABLISHMENT.--The Secretary of the Navy shall
establish a program to be known

as the 'National Oceanographic Partnership Program'.

(b) PURPOSES.--The purposes of the program are as follows:

(1) To promote the national goals of assuring national security, advancing economic

development, protecting quality of life, and strengthening science education and communication
through improved knowledge of the ocean.

(2) To coordinate and strengthen oceanographic efforts in support of those goals by-- (A)
identifying and carrying out partnerships among Federal agencies, academia, industry, and other
members of the oceanographic scientific community in the areas of data, resources, education, and
communication; and (B) reporting annually to Congress on the program.




National Oceanographic Partnership Program

- _(NOPP) Structure
T - ""‘“‘ Toa . gk

- e

National Ocean Research Leadership
Council (NORLC)

Excom
Jack Kaye | VADM Conrad Lautenbacher (NOAA)
(NASA) T
Interagency i—]
Working Group i
T (IWG) Ocean Federal
_ Research Oceanographic
Ocean.US Mlcha?I Sisse)nwine Advisory Facilities
NOAA Panel Committee
Thomas Malone
Melbourne Briscoe (ORAP) (FOFC)
(ONR) Marcia McNutt Robert Winokur
Lawrence Clark (MBARI) (Navy)
(NSF)




U.S. Ocean Action Plan

E h - .P.residential._WVé, December 17, 2004
L = g ; .- . - . ¢ ﬁ:ﬂ- Gy 2t

Immediate and Long-term Action Highlights

1. Establish a New Cabinet-Level Committee on Ocean Policy.

2. Work with Regional Fisheries Councils to Promote Greater use of
Market-based System for Fisheries Management.

3. Build a Global Earth Observation Network, Including Integrated Ocean
Observation.

4. Develop an Ocean Research Priorities Plan and Implementation Strategy.
5. Support Accession to the UN Convention on the Law of the Sea.

6. Implement Coral Reef Local Action Strategies.

7. Support a Regional Partnership in the Gulf of Mexico.

8. Seek Passage of NOAA Organic Act Establishing NOAA within
Department of Commerce.

9. Implement the Administration’s National Freight Action Agenda.

%Y 45




Committee on Ocean Policy

Chair: CEQ
Members as Identified in the Executive Order
(Cabinet Level)
Expanded ORAP Interagency Committee on Ocean Science and NZ?OII:;C
- Resource Management Integration Tl it
Co-Chairs: OSTP (Associate Director), CEQ (Deputy or COS) Chair: NSC

NSTC Joint Subcommittee
On Ocean Science and Technology
Co-Chairs: OSTP/Agency

Reporting Lines

= == == =Communication Lines

Interagency Working Group
On Ocean Resource Management
Co-Chair CEQ/Agency




, froving Federal Coordination and Governance

+s» Establish a New Cabinet-Level Committee on Ocean
Policy.

Functions: The Committee on Ocean Policy will advise the President and, as
appropriate, agency heads on the establishment or implementation of
policies concerning certain ocean-related matters. It would also facilitate,
among other things:

1. development and implementation of common principles and goals for
governmental activities on ocean-related matters;

2. exercise of science in the establishment of policy on ocean-related
matters;

3. and collection, development, dissemination,

4. and exchange of information on ocean-related matters.




Committee on Ocean Policy

Subsidiary Bodies

2.
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+»» Interagency Committee on Ocean Science and Resource

Management Integration (paraiiel to NORLC)

Functions
1.

coordinate and integrate activities of ocean-related Federal agencies and provide
incentives for meeting national goals;

identify statutory and regulatory redundancies or omissions and develop strategies to
resolve conflicts, fill gaps, and address new emerging ocean issues for national and
regional benefits;

guide the effective use of science in ocean policy and ensure the availability of data and
information for decision making at national and regional levels;

develop and support partnerships among government agencies and nongovernmental
organizations, the private sector, academia, and the public;

coordinate education and outreach efforts by Federal ocean and coastal agencies;

periodically assess the state of the Nation’s oceans and coasts to measure the
achievement of national ocean goals and;

make recommendations to the Committee on Ocean Policy on developing and carrying
out national ocean policy, including domestic implementation of international ocean
agreements.
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_ NASA gc‘:e_an Activities (ex.)

Satellite Observations

e SST and various “ocean color” products (MODIS)

» Extend on SeaWifs history

e Sea surface height (JASON, T/P)

e Ocean surface winds (QuikScat)

» Sea Ice extent (AMSR, prev. DMSP) and now height (IceSAT)
Sea surface salinity (Aquarius - future)

e Overlying Carbon Dioxide Column (OCO - future)
Suborbital Activities

e Calibration - MOBY (future approach TBD)
Modeling and Assimilation

¢ Ocean Modeling - ECCO, Biogeochemistry

e Seasonal-to-Interannual Climate (assimilation)

e Synthesis of multi-sensor SST

Interdisciplinary Science

e Coastal Region Studies
- » Coral Reef Observations

©7Y 49 * Near-US Oceanic Component to NACP
e Applications (await Ron Birk’s talk)




_ g i n"""‘ﬂ <
InNSAR provides a means of S H u 'EARTHSCOPE
measuring and monitoring the . RN .1'5 jfl

motion of the Earth’s surface in - | B "':i :f ' | W
great detail over wide areas, and i :.'E-S_ ISMIC ARRA
should be regarded as an essential '_
component of EarthScope” -
National Research Council

¢ WATIOMAL REATARCH EOUMENL

Committee on Disaster Reduction
INSAR requirements for Disaster and
Resource Management

Solid Earth Science Working
Group Report: INSAR
measurement of land
surface at L-Band is of the

GEODETIC IMAGING




____ Outline of Talk

Introduction/History

Hierarchy of Questions and Science Focus Areas
Earth Science Roadmaps

External Environment (Earth Obs. In Ron Birk talk)
e CCSP (GCRP/CCRI)

e Oceans

Near-term Science Milestones and Plans
Summary

&y 51
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i The Earth’s Ozone Shield protects all life

<% The Earth’s Air Quality is fundamental to public health and ecosystems
The Earth’s Climate is affected by changes in atmospheric composition

*The observatory is in a nominal and stable operating condition.

*The Flight Support Team continues with the execution of the Aura activation and check-out plan.
*MLS, TES and OMI instruments are operating nominally and beginning to return data.
*HIRDLS has experienced an anomaly and is in safe mode while the cause is investigated.

MLS Direction of motion




The “A-Train”

. Moving Toward the Future of Integrated Earth Observation

The A-Train
Aqua

PARASOL & 130
1:33 o 0% ' =9

CALIPSO CloudSat




...And Climate Forcing is About Changlng

_.) How the €limate System:Respon

Global Mean Radiative Forcing of Climate for year 2000 relative to 1750

Regionally distributed
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- effect

Globally well mixed
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Ice Cloud and land Elevation Satellite (ICESat)

Precisely determines ICESat Science Objectives
surface elevations . Polar ice-sheet elevation changes and

- 15 cm accuracy over ice mass balance
- Ground-breaking pointing - Atmosphere-cloud heights and aerosol

capabilities distribution
- Unprecedented orbit - Land topography
accuracy -t

/ “Track across Antarctica showing ice sheet elevations in red and atmospheric

| /’ﬁhenomena in varying colors from light blue for thin clouds to white for opaque layers




GRACE Defined Goals

T

Minimum Mission: (Achieved)

1.

Km) r" |
Baseline Mission: /)

Spherical Harmonic Model >
degree and order 100 (~200
Km)

Cumulative error < 1 cm at
degree and order 70 (~300

1.

Mean component: Degree and order 160 (~125 Km)
(Achieved)

Time variable component: Degree and order 100 (~200 Km) at
approx. 30 day intervals (11 months of data released-Jan
27,04)

200 GPS atmospheric soundings/day subject to data system
limitations. (TBD-instrument ready for turn on)

Goal of 0.4 mm geoid accuracy at 300 km resolution (TBD)




Project Columbi

Partnership between NASA and industry to significantly enhance
the national compute capability

Unique opportunity that met both industry and NASA objectives

National asset available to multiple agencies through competitive
selection process

Unique capability built from proven technologies

Asset enhances capability that was not currently being targeted
by other leadership class systems

Provide NASA with increasing capabilities (estimated 10 fold
capacity increase for NASA, system already demonstrated 42.7
Teraflops)

Includes networking component to connect NASA centers for
scientific research




Two Baseline Systems, plus integration into a Proteus
(Single Antenna L-band Polarimetric Radars)

Anticipated Science Applications:

Solid Earth
Land Cover (Classification)
Hydrology (Soil Moisture)
Agriculture
Ice (Ice Velocity)

Vegetation Structure
Hydrology (Topography)
Archeology
Cold Land Processes
Ice (Thickness and Age)

Oceanography
2003 2004 2005 2006 2007 2008
| I | | I |

Workshop Ef:f;:vm 5;’:‘:1 PDR  CDR PSR T0C
Major Milestones ¢ o | © <© © O <o
Radar Development —
Integration/Test
Flight Test 1

2003 2004 2005 2006 2007 2008 Totadl
Budget ($M) | 33 | 124.| 103 | 54 | 13 | 327




GPM

Reference Concept

" , :

OBJECTIVE: Provide Enough OBJECTIVE: Understand the

Sampling to Reduce
Uncertainty in Short-term
Rainfall Accumulations.

Horizontal and Vertical
Structure of Rainfall and Its
Microphysical Element.

sl Provide Training for
Eﬁﬁfgg,fﬂ;’;ﬁgt?;i Constellation Radiometers.
™ AN o .
Core Satellite | - o, 8 “i\ - Constfellatzon Satell'ztes
* Dual Frequency Radar 'g,> a3 { * Multiple Satellites with

* Multi-frequency Radiometer
* H2-A Launch

* TRMM-like Spacecraft

* Non-Sun Synchronous Orbit
*~65° Inclination

*~400 - 500 km Altitude

e ~4 km Horizontal Resolution (Maximum)

® 250 m Vertical Resolution

Microwave Radiometers
» Aggregate Revisit Time,
3 Hour goal

* Sun-Synchronous Polar
Orbits

*~600 km Altitude

" Global Precipitation Processing

Center

* Capable of Producing Global Precip
Data Products as Defined by GPM
Partners

Precipitation Validation Sites

* Global Ground Based Rain
Measurement




¥ Data Sys

. tem Evolution

NASA has an irreplaceable data set created by the Earth _
Science Enterprise over the last 15 years. Continuing analysis
of this data set is consonant with the three Presidential
initiatives:

1. Climate Change Research Initiative,

2.Global Earth Observation, and

3.Vision for Space Exploration.

NASA systems will evolve and support integrated, ogen and easy
access to the data for the purpose of supportin? NASA research and
shared decision support systems across other federal and state
agencies.

NASA is moving from selecting missions-oriented systems to
measurements availability to support its research programs and focus
areas.

NASA is planning to evolve its EOSDIS over the next several years,
and will continue to procure new data systems assets, e.g. REASONSs,
to support our Earth-Sun research and science applications

Near-term actions for NASA involving the research community:
* Review initial REASoNs in FY05
 Review EOSDIS data products
60 « Solicit for additional REASoNs in FY06 via ROSES




Sy . IF'Y. Potentiall NASA Science Elements

Polar Feedbacks (CCSP): Satellite derived albedo
Polar Snapshot

 Work with other agencies that have sensors with limited duty
cycles (e.g. SAR) to cover polar regions

oMaximize repeat coverage
oln conjunction with field activities
Targeted airborne laser surveys of polar ice sheet elevation changes

 Repeat Canada, Greenland and Antarctica surveys of 1990s and
2002 for revised mass balance assessment (is mass loss
accelerating)

Surveys of ice thicknesses around perimeter of Antarctic and
Greenland grounding lines with ice-penetrating radar

e Thicknesses needed for flux estimates
Ozone observations and process studies
Polar Regions as stepping stones to planetary environment
Polar analogies to other planets
e Surface characteristics
__* Environmental characteristics
ual g Paleo-environmental proxies

b 25
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e O

utline of Talk
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 Introduction/History

e Hierarchy of Questions and Science Focus Areas

e Earth Science Roadmaps

o External Environment (Earth Obs. In Ron Birk talk)
e CCSP (GCRP/CCRI)
e Oceans

 Near-term Science Milestones and Plans

e Summary




Earth Science Strategy: Summary

t A

In dialog with the science community, choose
scientific questions for which NASA
technology and remote sensing can make a
defining contribution

Pursue answers to those questions via an end-to-
end research program integrating technology
development, Earth observation, data
analysis, and data assimilation & modeling

Transition mature observation capabilities /
responsibilities to operational agencies

Assist agency partners in demonstrating the utility
of NASA observations and research results in
those agencies’ decision support systems

Envision and create the next generation of
research and technology

Contribute to integrated agency scientific and
exploration goals (e.g., Sun-Earth system,
Earth in solar system)

*.’. . . -..

Earth Science Mission: “to
understand and protect our home
planet by using our view from space
fo study the Earth system and
improve prediction of Earth system
change.”

Enterprise Strategy
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' Comparison of GRACE-Derived Terrestrial Water Storage
- : - with Modeled Soil Moisture + Snow
. - ' 2 0 5 s Q"'-' SR
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From M. Rodell, NASA/GSFC




1.6 2.4
tMeters

e in Arctic Sea Ice Thlcknesses

March 2004 1GESat laser 2b - —

1.6 2.4
tMeters

In winter 2004 the
thicker ice is
more confined
toward the
Canadian Arctic
and Greenland,
with larger area of
thinner ice in

seas north of Asia,
compared to
2003.

P

= <}
Thickness (rm}

250 f
2005
15-:33
1005

so |

ey

= =3
Thickness (i}

Zwally et al, preliminary
Results. NASA GSFC
April, 2004.




,"“El'ét/tion Profiles for Studying Change
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e Portions of two ICESat profiles show
changes to the Byrd Glacier as it flows
from East Antarctica, crosses through
the TransAntarctic Mountains, and then
discharges into the Ross Ice Shelf

e The red-line, more upstream, shows a
thicker, narrower glacier

e e+ The black line (further into the ice

100
5 shelf) shows that ice flow has caused
RO the Byrd to become wider and thinner
g/ 60 - Ross Ice Shelf —
= oo ]
.% u ’ * Rough surfaces, such as crevasses,
= “F 1 which have never before been observed
ol 1 from space with this degree of vertical
C 1 before are also evident
‘ O _I L_1_1 l 1 1 1 I L1 1 1 I L1 1 1 I L1 11 I L1 11 I 1 I_
0 50 100 150 200 250 300

Distance (km)




. ‘ roving Climate Observations w/ Aqua

Mean Surface Air Temperature
AIRS data, July 2003

Percent Cloud Cover
AIRS data, July 2003

Mean temperature,
percent cloud cover,
and precipitable water
for July 2003 from the
AIRS instrument on the

Aqua satellite
o

Percent Cloud Cover




4 Tropical Tropopause Layer dynamics

¢ Anvil cloud moisture and radiative
. feedbacks
-~ & Adaptive/targeted observations for
improved tropical cyclone prediction

o

o s
Pt L

¥ Lightning
Imaging Sensor

TRMM

Precipitation
Microwave

Radar

......




| 'Slowg] n in Ozone Loss Rate

Observed in Climate Data Récords

Flattening of ozone trend in 1996-2003
consistent with observed leveling off in
total inorganic chlorine

Cl(ppbv)

DR L
2000 2005

L R Lz
10‘[" il -
- ‘ ﬁ

Ozzone Change [©6]
=)

15{ Altltude 35 45 km; 30 N 30 S Latltudq J‘
ol i k=

80 82 84 86 88 90 92 % 96 98 DO 02 o
Year

Top Panel: Russell and Anderson (Hampton U.)

Bottom Panel: Newchurch, et al., “Evidence for slowdown in stratospheric ozone loss: First stage of
ozone recovery,” JGR 180 (D16), 4507.




. E _ Ocean Circulation & Climate Modeling
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Feb 22004 -

US/France Topex/Poseidon and
Jason satellites have produced a
12 year record of ocean

circulation and sea level change

* §ST Anomaly £ 3 : k Soil Moisture

1

c a i 0
NSIPP Version 1 Coupled Forecast: Initialized February 2004

Climate models can now simulate
land processes as a function of
atmospheric and ocean
temperatures

1998




Modellng Hurrlcane Landfall
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Assimilation of TRMM rainfall location, intensity and vertical structure into
hurricane forecast models leads to improvements in forecasts of future position

Hurricane Ivan Forecast, September 2005 Hurricane Visualization with TRMM data

48 HR Fest 00 Hr = 15 Sep 2004 127

30N 5

9
5 o]

Legend
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Reduced track errors can save money .Q
($600K - $1M per mile of coast evacuated) and ¢
save lives by more precise prediction of eye ‘
location at landfall .Q




“ 4 olar ‘Enerjgy.Drives}t.he Climate System...
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Nr TOA Longwave Flux (W/m?)
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l(nd Can Begln to Dlstlngmsh Solar From

- S Terrestrial Influencgs

An overlapping Earth radiation climate record:
22 years from Nimbus 7 to Terra.

-
o
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® CERES/TRMM SC — ERBE/ERBS NS

4 ScaRaB/Meteor SC — ERBE/ERBS SC
L @& ScaRaB/Resurs SC === CERES/Terra SC
=== Nimbus 7 NS
5 | ©2/63El Nino ~ 91/92 El Nino .
86/87 El Nino l & f

\ 1"

n ' 97/98 El Nino
98/01 La Nina

Pinatubo Recovery

El Chichon / Pinatubo Eruption

Eruption 88/90 La Nina
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79 81 83 85 87 89 91 93 95 97 99 O1

Nﬁ?iﬁ Time (Year)
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Longwave Anomaly (Wm™)




Key Climate Issue: Atmospheric

S— Aerosols
b I

Simulated plume dispersion
demonstrating the ability to model
with knowledge of the Earth

atmosphere from satellites

Flume Dispersion Mo :I-—-I|r|r_1 mth thra MASA fyl

™ )
o, 1 Y
S
T 7 &'

Stereo  perosol OT
height

B&B Complex Fire,
Oregon

4 September 2003
from Terra-MISR




ocfgljg & Computing Research
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» Climate forcing, multi-decade, centennial assessment

* Ocean and Land Assimilation, Ocean-land-atmospheric interactions
6 —24 months

e Atmosphere, land-surface assimilation, assimilated data for mission
support, observation impact, link between weather and climate

e Pl-driven model development selected projects through numerous
programs

* Engineering Component

— Software engineering/Data assimilation
methodologies/Computational technologies

Data Assimilation NASA . Computatlonal S P ‘g}lsl, 7
Office Seasonal @ Technologies
i The NASA Short-
Interannual i
o . Prediction . ; Eé a“! F term Prediction
(f;;dg a;gelgtslt:;lil:: Project NASA/NOAA Joint Earth Science Tr:;z:tei?);cgiter
= Center for Satellite Modeling

Data Assimilation Framework




SMD Computin
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Computing should be viewed as an instrument

SMD currently supports computational modeling facilities at ARC,
GSFC, and JPL

ARC/Project Columbia will be the primary “capability” system
GSFC/NCCS will continue to support “capacity” jobs

Emphasis is on “data driven modeling” — to bring NASA space
borne data to predictive models

Coupled system data assimilation will be the future focus

— Data assimilation to support carbon cycle, water cycle,
weather, climate, and atmospheric chemistry

ESMF is a strategic enabling technology under development

Challenge will be the increasing demand from the coupled Earth-
Sun system models




Earth Climate Modellng

o ) gl %"

DAS code operated at 20 days a day
requiring years of dedicated computing for long
simulations.

Ames in partnership with Goddard
demonstrated a 10x speed up simulating 200
days/day using the SGI 1024 Origin at Ames. The
1024 SGI at Ames is the largest single image
system in the world.

X




Illodellng the Earth’s Surface and Interior

Vplcano Eruptlon Predlctlon

5 h gutAl

Mount Etna




. ® Froni Proc&?!o Predictic
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gg the Puise of Our Home Planet:

Measuring and monitoring continental drift and
plate tectonics, and understanding their
impact on natural hazards, earthquakes and El Nino / La Nina
volcanoes

Capturing and documenting dynamics of Earth’s
Ozone layer and understanding the effects of
its depletion on exposure to UV radiation at
the Earth’s surface

Capturing and documenting global ocean
circulation and its role in Earth’s weather and
climate

Documenting land cover change at global and
regional scales in response to natural and
human influences

Capturing the seasonal dynamics of land
vegetation and ocean phytoplankton, and
their capacity to cycle carbon through the
Earth system and in food and fiber production

Mapping the 3-D structure of storms and
hurricanes and their impacts on human safety,

! operty, and infrastructure




Taki ing the Pulse of Our Home Planet:

i o :® From Proc&%s ‘i‘o Predictiongk

Mapping Greenland and Antarctic ice sheets in 3-D
with unprecedented accuracy to understand their
role in Earth’s weather, climate and sea level
change

Measuring the Earth’s Radiation budget and its
variations with unprecedented accuracy to
assess its impacts on Earth’s climate and
weather

Measuring Earth’s gravity field and its variations
over time with unprecedented accuracy to assess
its role in ocean circulation and Earth’s climate

Measuring the distribution of aerosols and clouds
and assessing their roles in Earth’s climate and
energy budget

Mapping the Earth’s surface in 3D with
unprecedented accuracy and resolution and
using this knowledge to improve understanding
of floods, landslides, earthquakes & volcanoes

®

California
in Three Dimensions

Shuttle

Kadar Topography |

ISsion "= .




From Data Acquisition to Data Access

Flight Operations,
Data Acquisition Data Capture, Initial

Processing & Backup

Tracking & Archive

Data Relay
Spacecraft

A

Data
Processing NASA
& Mission |Ntegl:ated
Control Services
Network
(NISN)
Mission
Services

Polar Grounci Stations

TECHNOLOGY

cience Data
Processing, Data
Mgmt., Data Archive
& Distribution

EOSDIS Science
Data Systems
(DAACSs)

Science
Teams Measurement
Teams

Distribution, Access,
Interoperability &
Reuse

Research

Education

Value-Added
Providers

Interagency

WWW Data Centers

IP

Internet :

International
Partners

Use in Earth
System Models

Benchmarking
DSS




' Earth System Data Resides in

Distfibtited Active#Archive Centers (DAAG):

NSIDE {67 TE) LPDAAC-EDC (1143 TB)
ASF (256 TB) e '-a';dF':':;ﬁfes:es SEDAC (0.1 TB)
SAR Products Human Interactions in
Sealce Global Change

Polar Processes

GES DAAC-GSFC

(1334 TB)
Upper Atmosphere

Atmospheric Dynamics, Ocean
Color, Global Biosphere,
Hydrology, Radiance Data

ASDC-LaRC (340 TB)
Ocean Circulation ORNL (1 TB) Radiation Budget,Clouds
Air-Sea Interactions GHRC (4TB) Biogeochemical Aerosols, Tropospheric
Global Dynamics Chemistry
Hydrology EOS Land Validation




~ ¥ A Broad Range of Partnerships

G ==,
. gy

An inherently international endeavor
* Nearly 200 agreements with over 60 countries

* Actively engaged in international observing system planning
following the July 2003 Earth Observation Summit

A variety of interagency collaborations
e Climate Change Science & Technology Programs
e NOAA and DoD on operational environmental satellites
e National Ocean Partnership Program & Ocean.US
US Weather Research Program
USGS on land remote sensing and data management
10 agencies on 12 National Applications

All science, applications, and technology research announcements
are open competitions; about 2000 grants & contracts:

 Half won by university researchers; A quarter by NASA center
scientists; A quarter by other agencies and industry scientists




A SharedVision for Earth Observatlon

Mted by 34 Nations. ih an Earth Obsermon Summlt (July,3122003)

An international comprehensive, coordinated
and sustained Earth observation system
Comprehensive: meeting the needs of a

variety of science and applications
disciplines

Coordinated: multinational satellite, suborbital
and in situ observing capabilities
strategically coordinated via agreed
standards and data exchange

Sustained: long-term, continued financial and
in-kind support from funding authorities

Group on
Earth
N @ bservations




e hara'ct rlzmg NASA Contributions to Climate
' *—3 _ : A CI‘H‘rfge Reseaggh

Long-term trends

First global climatologies
Next generation observations
Process understanding

Data integration

Improved prediction

L SA BT




Committee on Ocean Pohcy

) a g q-..Sufmdlar

/

% NSTC Joint Subcommittee on Ocean Science and Technology

Functions
1. identify national ocean science and technology priorities;

2. facilitate coordination of disciplinary and interdisciplinary ocean research, ocean
technology and infrastructure development, and national ocean observation programs;

3. facilitate expansion of knowledge about the oceans and their interactions with other
components of the Earth system, including the atmosphere, land, and living resources,
and about the relationship between oceans and society;

4. facilitate the application of knowledge for prediction and forecasting of ocean
phenomena;

S. provide advice on science and technology for ecosystem-based management and
stewardship of resources;

6. facilitate use of ocean science and technology in the development of coastal and marine
policies;

7. recommend scientific and technical assessments and analyses of Federal ocean science
and technology initiatives;

8. identify opportunities and articulate priorities for enhancing ocean education, outreach,
and capacity building;

9. identify opportunities for the promotion of international collaboration in ocean science
and technology; and

.'/facilitate efficient transition of research to operations.

87




Vegetation 3-D Structure, Biomass

. #&Disturkance .

Height and/or canopy volume are |,  Heightvs.
used to estimate carbon in £ | Carbonin
\\\  biomass (storage) in forests. 3" Biomass
%’@, E 207
Vegetation recovery and re-growth after T
disturbance result in increasing carbon storage o 1 L 1 1
in biomass, with detectable changes in canopy b0 100 1000000 100000

I i Carbon (k
3-dimensional structure arbon (kg)

v — s
5 : por s 7
‘ A e, it

Current Capabilities Qualitative =»  Future Capabilities Quantitative
Landsat and MODIS sensors =» Lidar, Radar, multi-angle, hyperspectral

88 Technology Development: Imaging lidar, L- or P-band SAR,
+ INSAR. Laser risk reduction important!




Atmospheric Composition

Stratosphere — Protects Life

e Earth’s UV-protecting ozone shield has decreased
6% globally since 1980

e Polar ozone loss (almost 50%) observed during
spring seasons.

 The shield is continuing to change, driven in the
future by a balance between periodic natural
events (e.g. volcanoes), increasing human
emissions, and controls on specific halogen-
containing species

Troposphere — Sustains Life

e Life on Earth depends on the clean air we breathe.

e Transport of non-US emissions and changing
climatic conditions could become significant
factors in determining air quality in various U.S.
regions.

Climate — Supports Life

e The Earth’s atmosphere has sustained life billions
of years. What controls this unique condition?

 What are the consequences of changes in
chemical transport, atmospheric composition and
the hydrological cycle in controlling and
maintaining a stable climate for the future?

-

2001 Antarctic ozone
hole viewed by the
TOMS satellite
instrument

March 10, 2000 March 12, 2000

‘Aa’:‘ %0- -
1.

North America

March 13, 2000 March 15, 2000

Intercontinental Transport of Pollution:

Model assimilated CO data from the NASA EOS Terra
satellite over the Pacific Basin (blue, a few parts per

billion (ppb), red, polluted levels, of around 200 ppb)




Water and Energy Cycle

o ) gl %"

The global water cycle is resolved at only coarse resolutions, hampering climate models’ ablllty to recreate hydrologic means
and extremes that are relevant to local scales. Uncertainties in basic hydrological processes and in the strength of feedback
processes, such as clouds and cloud processes, coupling of sea-ice-land, air-sea, and land surface effects result in large
ranges in predictions of impacts to the overall climate system.

Water Cycle Study requires:

Land-atmosphere and ocean-atmosphere
interactions partitioning of water and energy p— 2 et

Hydrologic states and fluxes: clouds, soil ‘ e St
moisture, snow, precipitation, evaporation, etc. £

Understanding the water cycle is important e

. e (AND EXCHANGE
Or. o, o 1IN WITH FREE ATMOSPHERE]

Water storage: Drinking Water, Water for -

Commerce and Energy

Linking Human Activity to Climate Change

NASA has a unique capability to provide global observations of

the various components of the water cycle, and then use them to
0 . . . oq e

enhance global models and improve predictive capability




Carbon Cycle & Ecosystems
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NASA provides the
global perspective
and a unique
combination of
interdisciplinary
science, state-of-
the-art modeling,
and diverse
synoptic

observations

To understand and protect our home planet, we must understand:

- the interactions of biogeochemical cycles and terrestrial &
marine ecosystems with global environmental change and

 the implications for the Earth system

QOuestions

» How are global ecosystems changing?

*What changes are occurring in global
land cover and land use, and what are
their causes?

» How do ecosystems, land cover and
biogeochemical cycles respond to and
affect global environmental change?

» What are the consequences of land cover
and land use change for human societies
and the sustainability of ecosystems?

*How will carbon cycle dynamics and
terrestrial and marine ecosystems change
in the future?

Important Concerns:

» Greenhouse warming
(CO,, CH,)

» Climate interactions

« Carbon management (C
storage in plants, soils,
& ocean)

 Productivity (food, fiber,
fuel)

« Sustainability of
ecosystem goods &
services

* Biodiversity and invasive
species




Cllmﬁg Varlablllgf and Change

_I . L}

* How is global ocean circulation varying on
interannual, decadal, and longer time
scales?

* What changes are occurring in the mass of
the Earth’s ice cover?

------

* How can climate variations induce changes . iy
in the global ocean circulation? o U1 TTTTHT T T Tk

* How is global sea level affected by natural

variability and human-induced change in Global Mean Soa Level Anomaly
the Earth system? |

_ «How can predictions of climate variability
and change be improved?

AMSL (mm)

Rate = 2.4 mml/yr

S. Nerem, U. Colorado

2000 2020 2040 2080 2080 21dc -15 1 ! 1 l

Year 1993 1994 1985 1996 1997 1998 1989 2000

Climate change is one of the major themes guiding Earth System Science
today. NASA is at the forefront of quantifying forcings and feedbacks of
recent and future climate change. Our comprehensive end-to-end program
ranges from global high-resolution observations to data assimilation and
model predictions.
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TODAY:

* Reliable 3-day forecasts of
non-extreme weather

* 13-hour winter storm forecast

» 3-day severe local storm
forecast with low-moderate
confidence

 16-minute thunderstorm
advanced warning

* Tornado lead time 12 min
* Hurricane landfall tracking:
+/- 240 km at 2-3 days

* Inconsistent hurricane
Sptensity forecasts

GOALS for 2015:

* Reliable 5-day forecasts of
non-extreme weather

e 24-hour winter storm forecast

- 5-day severe local storm
forecast with moderate
confidence

e 30-minute thunderstorm
advanced warning

* Tornado lead time 20 min
* Hurricane landfall tracking:
+/- 160 km at 2-3 days

 Dependable hurricane
intensity, precip forecasts

« Air quality forecast at 2 days
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ow is the Earth ¢ angmg' hnci what are the consequences for life on
Earth?

Prediction: How can knowledge of Earth’s surface change be

h
SC>G0

O g used to predict and mitigate natural hazards?
S ta Forcing: What are the Variability: How is the Response: How is global sea
% <H) dynamics of the Earth’s Earth’s surface being level affected by natural
é’ = interior and how do these transformed by naturally variability and human
O forces drive change at the occurring tectonic and induced change in the Earth
Earth’s surface? climatic processes? system?

1. What is the nature of deformation at
=« plate boundaries and what are the
=8 \\ﬂlmphcatlons for earthquake

How do magmatic systems evolve
and under what conditions do
volcanoes erupt?

¥ hazards?
2.  How do tectonics and climate 5.  What are the dynamics of the mantle
S " = interact to Shape the Earth’s surface || and crust and how does the Earth’s
-“and create natural hazards? | gsurface respond?

3. What are the interactions among ice || .  What are the dynamics of the Earth'’s

masses, oceans, and the solid -?::% ‘magnetic field and its interactions
Earth and their implications for sea . 4. with the Earth system?

level change?

SWG Challenge—)
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Next Generation Missions

Blue
Horizons

3 ==Y  NPOESS Preparatory Synthetic Orbiting Carbon

= Ocean Vector
Project Winds Mission Aperture Radar Observatory
d Restless
e = M Planet
Landsat Data Continuity Global Precipitation Chemistry/Climate Cloudsat Aiolos
Mission Instruments Measurement Mission
L]
L]
L]

Ocean Surface Aerosol Polarimeter Cryosphere | Hydros 1----FeReRRRRIRRNIIINN

Topography Sensor Instruments Monitoring Mission ] Candidate Future Missions |
Mission ,  In Formulation/Preformulation E

or in Development

Next generation systemactic measurement missions to Research missions to Future research
extend/enhance the record of science-quality global change data probe key Earth system Measurements
processes globally for
the first time




Need for Enhanced Temporal Sampling
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Boston Harbor Afternoon
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Soil M0|sture a critical omission in observatlons suite (NASA, NOAA, USDA)

Water Cycle Carbon Cycle

o7 ' ' ' 40 35

Black spruce stand
30 { Manitoba, Canada, 1996

20

Campbell Yolo Clay Field Experiment Site
Summer 1995, California k7
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-40 1 ; ; ; ; ; ; -3.5
Jan  Feb Mar  Apr  May .Jun .JuI Aug  Sep Oct MNow
, : : == Tair == Tsoil (10cm)
o . Moisturif[[)% Volume] ® ¢ Measured C-flux (CO, source [+] and sink [-])
Measured by L-Band Radiometer
i_o’/ M o:st{ur eRSttr ongl()j/ z{ Zf / uetgce;/ ¢ J Freeze/Thaw Condition Influences
Evap or aE’O”h aie a/;) ¢ us Le da 8? ;\?” Growing Season Length and thus
nergy Exchanges between Lan m. the Carbon Balance.

Addresses Priority Soil Moisture Data Requirements Across Agencies

NASA: Monitor Process - Global Water, Energy, and Carbon Cycles
.~ NOAA: Improve Weather and Climate Predictions: Flood and Drought
. <:Pab: Applications in All Three Services (e.g. Terrain trafficability, Fog)
- USDA: Agricultural Management, Drought Impact Mitigation




Orbltlng Carbon Observatory (OCO)

.—--r. .1‘ ’k.."_

Science & Applications
» OCO will collect the first space-based measurements of
atmospheric CO,, (Column Averaged Dry Air Mole
Fraction of CO,) with the precision, resolution, and
coverage needed to characterize carbon sources and
sinks on regional scales and to quantify their variability.
* OCO measurements are needed to:
- I[dentify and constrain CO, sources and sinks
- Aid in balancing the global carbon budget
- Monitor carbon management activities
- Aid in verifying C emissions/sequestration reports




Ocean Sal

Purpose: explore the variability of surface salinity
in the oceans.

e Requires improved antennas, signal
processing, and algorithms.

 Remotely sensed salinity data will greatly
improve our knowledge of heat storage an
important driver of significant climate signals.

inity

.

: Aquarius
...yéi‘_ J _wx._jh

5“

In the western tropical B %
Pacific Ocean, the birth W
place of El Nino, the effect

of salinity on the density o=
and thereby ocean
topography can be equal to
or more than the effect of 85
temperature.

470

4=5
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]
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]
140w

]
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Percentage of ocean topography variability due to salinity
(Maes and Behringer, 2000)
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3-D Displacement Accuracy (mm)
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sontinuous observations |

INSAR . { * Understanding earthquake

UAVSAR

Technology & Modeling

* Improved models and forecasts
* High-resolution topography
Low Earth Orbit » Possible INSAR in medium Earth orbit

INSAR . e
=7 « Systematic data acquisition

» * Modeling of faults in
A crust/mantle system
* Fine resolution hazard maps

Foreign Satellites/National Partnerships

nternational SAR Information Service (1515

“# .Community Based Data System
*Geohazards Natural Laboratories
43 *Modeling-Project Columbia
*National/ International Partnerships-GEOSS/ GMES

> physics and prediction
* Precise hazard maps
continuously updated

| | |
10 1 0.1
Revisit Frequency (days)




Atmosphere

Atmosphere Atmosphere Atmosphere

Land Surface Land Surface

Sealce
Sulfate Sulfate Sulfate
Aerosol Asrosal Aerosaol
Non-Sulfate
Aerosol
Ocean & Sea Sulfur Cycle MNon-Sulfate
lce Model Model Aerosol

MDd-EIT
e
= \ Carbon

Cycle Model
Ocean Carbon /
Cycle Model

Dynamic
Vegetation

“Atmospheric
Chemistry




